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Purpose: Adverse outcomes apparently associated with hypothermia led us to examine 
patients undergoing elective abdominal aortic aneurysm (AAA) repairs to test the 
hypothesis that hypothermia (temperature l ss than 34.5 ° C) is associated with increased 
morbidity and excess mortality rates. 
Methods: Two htmdred sixty-two elective AAA repairs were retrospectively reviewed for 
preoperative and intraoperative risk factors. Core temperature, age, Acute Physiology and 
Chronic Health Evaluation (APACHE) II and APACHE III scores (raw and temperature- 
adjusted), fluid resuscitation, and perioperative organ dysfunction were recorded 
prospectively. Outcome measures included lengths of stay in the intensive care unit and in 
the hospital, and hospital mortality rates. 
Results: Except for a higher risk of hypothermia in women (p < 0.05), by univariate 
analysis, preoperative risk factors were similar in patients in the hypothermic and 
normothermic groups. After operation, patients with hypothermia had significantly 
greater APACHE scores (p < 0.0001), and patients in the hypothermic nonsurvivor 
group took significantly longer to rewarm (p < 0.05), suggesting marked hypoperfusion. 
Patients with hypothermia had significantly greater fluid (p < 0.05), transfusion 
(p < 0.01), vasopressor (p < 0,05), and inotrope (p < 0.05) requirements, resulting in 
significantly higher incidences of organ dysfimction (53.0% vs 28.7%, p < 0.01) and 
death (12.1% vs 1.5%, p < 0.01) and markedly prolonged lengths of stay in the trait 
(9.2 -+ 2.0 vs 5.3 + 0.6, p < 0.05) and in the hospital (24.3 + 2.9 vs 15.0 +- 0.08, 
p < 0.01). By multivariate analysis, female gender (p = 0.004) was the only predictor of 
intraoperative hypothermia, whereas initial hypothermia was significantly predictive of 
both prolonged hypothermia and development oforgan failure (p < 0.05). Organ failure 
(p < 0.05) and acute myocardial infarction (p < 0.01) were independent predictors of 
death. 
Conclusions: After AAA repair, patients with hypothermia have multiple physiologic 
derangements a sociated with adverse outcomes. Although multiple etiologic factors are 
interacting, body temperature is one variable that should be controlled during aortic 
surgery. (J VASC SURG 1995;21:392-402.) 
During the past 15 years, patients undergoing 
repair of abdominal aortic aneurysms (AAA) have 
benefitted from a progressive reduction in perioper- 
ative mortality and morbidity rates. These advances 
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are due in large part to the understanding, identifi- 
cation, and prevention of perioperative cardiac 
events. 14 By use of current techniques of preopera- 
tive cardiac assessment, monitoring, and therapy, 
clinical experiences with more than 3000 patients 
reported over the last 5 years note a mortality rate of 
2.9% with elective AAA repair. 5-1° Aortic reconstruc- 
tion, like other major abdominal operations, is 
frequently associated with hypothermia.n I cidental 
hypothermia during major abdominal surgery has 
been difficult to prevent. Therefore the role that 
moderate hypothermia plays in perioperative mor- 
tality and morbidity has been difficult to define. 
Hypothermia could play a beneficial role by protect- 
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Table I. Aortic anatomy and operative parameters 
Normothermic Hypothermic p Value 
Aneurysm size (cm) 6.0 _+ 1.3 6.5 _+ 0.2 p < 0.05 
Extent of repair 
Tube graft 64% 63% ns 
Bifurcation graft 24% 27% ns 
Suprarenal 12% 10% ns 
Exposure 
Transabdominal 64% 67% ns 
Retroperitoneal 36% 33 % ns 
Duration in the operating room (min.) 
Anesthetic 334 _+ 9 371 _+ 14 p < 0.05 
Operating 248 _+ 8 296 _+ 18 p < 0.05 
Aortic cross-clamp 79 75 ns 
Table II. Multivariate analysis of intraoperative factors accounting for the development of
hypothermia or prolonged operation 
Dependent variable Independent variable F Value p Value 
Hypothermia 
Prolonged anesthesia duration 
Prolonged surgery 
Female gender 6.943 0.0093* 
Age 2.373 0:1002 
Anesthesia duration 0.390 0.5331 
Surgery duration 0.627 0.4298 
Volume of autotransfusion 3.193 0.0760 
Aneurysm diameter 2.751 0.0993 
Volume of autotransfusion 67.049 0.0001" 
Aneurysm diameter 2.647 0.1059 
Age 0.041 0.8398 
Female gender 3.517 0.0627 
Volume of autotransfusion 72.358 0.0001" 
Aneurysm diameter 3.524 0.0625 
Age 0.0009 0.9262 
Female gender 2.330 0.1290 
*Statistically significant. 
ing tissue during the relative ischemia caused by 
aortic cross-clamping. 12,1s In contrast, hypothermia 
is also potentially associated with adverse affects, such 
as vasoconstriction leading to an increase in systemic 
vascular resistance and potentially altered organ 
perfusion, or a shift in the oxyhemoglobin dissocia- 
tion curve to the left, both of which would decrease 
oxygen delivery at the level of the microcirculation.14 
In addition, cardiac arrhythmias, coagulation abnor- 
malities, altered drug metabolism, and increased 
metabolic demands during rewarming have also been 
observed, ls-18 
Our understanding of perioperative thermoregu- 
lation, as well as technical advances in perioperative 
patient reatment now allow relative maintenance of
core temperature within a physiologic range during 
surgery) 9 We performed this study to determine the 
role of intraoperative hypothermia on mortality and 
morbidity rates after elective abdominal aortic recon- 
struction. 
MATERIAL AND METHODS 
The study was conducted in the general surgical 
intensive care unit (SICU) of an urban, university- 
affiliated, tertiary care medical center that provides 
surgical care to its local community and to tertiary 
care referrals. Data were collected from 262 patients 
admitted to the SICU after elective AAA repairs. 
Patients who underwent urgent or emergency pro- 
cedures or thoracoabdorninal aneurysm surgery dur- 
ing this period were specif idly excluded. 
All patients were admitted to the hospital at least 
1 day before surgery for imaging of the aorta, a 
modified bowel preparation regimen, and preanes- 
thetic intravenous hydration. Cardiac evaluation and 
autologous blood donations were conducted before 
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Table II I .  Nonsignificant influences on 
outcome in patients with hypothermia 
Temperature* 
Gender 
Past cardiovascular history 
Aneurysm anatomy 
Duration of anesthesia 
Duration of operation 
Duration of aortic cross-clamping 
*See TabRV. 
admission at the discretion of thc surgeon. Patients 
were not admitted to the SICU before operation. 
Anesthetic was administered by a member of a 
team of anesthesiologists dedicated to the vascular 
surgery service. Although specific anesthetic tech- 
niques varied over time and for selected patients, 
general guidelines included gradual, smooth induc- 
tion and intubation, with maintenance of anesthesia 
by use of balanced inhalational and opioid agents 
designed to ensure a hypodynamic circulation (de- 
creased heart rate and left ventricular afterload) and 
optimal myocardial oxygen delivery. When placed, 
epidural catheters were inserted before administra- 
tion of anesthesia for postoperative analgesia. Epi- 
dural anesthetic was not used during operation 
because of its depressing effect on core temperature. 2° 
After induction of anesthesia, radial artery and 
pulmonary artery catheters were inserted in all 
patients for intraoperative and postoperative moni- 
toring. All intraoperative data were obtained as part 
of the anesthesia record. All postoperative data were 
collected prospectively. The operative approach to 
the aneurysm (transabdominal, retroperitoneal) was 
at the discretion of the operating surgery. All 
procedures were performed by a board-qualified or 
-eligible vascular surgeon. 
Lactated Ringer's olution was the primary intra- 
operative fluid, although some patients also received 
small amounts of 5% human serum albumin in 
addition to crystalloids. Red blood cell concentrates 
were administered to maintain a hematocrit level of 
30%. There was no specific protocol for administra- 
tion of platelets or fresh frozen plasma. Autologous 
blood was infused preferentially whenever available. 
An autotransfusion device (Cell Saver; Haemonetics, 
Inc., Braintree, Mass.) was used to minimize the 
quantity of shed blood. All blood so collected was 
reinfused, albeit at ambient emperature. 
Patients were divided into two groups based 
on their admission temperature to the SICU/post- 
anesthesia care unit (PACU). Hypothermia was de- 
fined as an admission core temperature l ss than 
34.5 ° C. Core temperature was measured in degrees 
Celsius from an indwelling thermistor on the PA 
catheter. Fluids were infused after heating to 40 ° C in 
a microwave oven or autoclave, and blood was ad- 
ministered through tubing immersed in a heated wa- 
ter bath (various manufacturers). For the last year of 
the study, fluids were infused via a high-capacity 
warmer (Hotline, Level 1 Technologies, Inc., Rock- 
land, Mass.). Core body temperature was supported 
during operation by topical application of a re- 
circulating-alcohol blanket (various manufacturers). 
For the last 9 months of the study, a recirculating 
forced-air blanket (Bair Hugger; Advance Technolo- 
gies, Inc., Eden Prairie, Minn.) was applied to the 
head, neck, chest, and upper extremities. 
Patients were admitted to the SICU directly from 
the operating room whenever an SICU bed was 
immediately available. When transiently unavailable, 
patients were cared for initially in the PACU, where 
the monitoring equipment, reatment protocols, and 
the patient core mmlagement team were identical. 
Patients were moved to the SICU as soon as a bed 
became available. The data from the early postoper- 
ative course in the PACU were included in this 
analysis because the standards of care were identical 
and the period of rewarming sometimes was com- 
pleted before transfer. Acute Physiology and Chronic 
Health Evaluation (APACHE) II and APACHE III 
scores were calculated as described in the original 
reports. 2a,22 Because these scores incorporated tem- 
perature as a variable, a temperature-modified 
APACHE III was also calculated by subtracfffig 
temperature from the total score (APACHE III-T). 
The worst physiologic values during the first 24 
hours of critical care after the operating room were 
used for the calculation. 2aAll patients were moni- 
tored until hospital discharge or death. In circum- 
stances where a patient was rcadmitted to the SICU 
during the same hospital stay, only the admission 
immediately after the aneurysm repair was included 
for this analysis. 
A standardized resuscitation regimen was used in 
the SICU. Topical and intravenous fluid rewarming 
was continued for all patients admitted to the SICU 
with a core temperature l ss than 36.0 ° C. Lactated 
Ringer's solution was given as necessary to support 
hemodynamic parameters and urine output, up to a 
pulmonary wedge pressure of 15 mm Hg. Dopamine 
(2 to 3 /xg/kg/min) was used to support urinary 
output when below the lesser of 30 ml/hr or 0.5 
ml/kg/hr for 2 consecutive hours. Dobutamine (5 to 
10 ~g/kg/hr) was used to support a cardiac index of 
less than 2.2 L/min/m 2 or a systemic vascular 
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Table IV. Fluid resuscitation parameters (first 24 hours, including surgery) 
Normothermic Hypothermic Hypothermic survivors Hypothermic nonsurvivors 
No. of patients 196 66 58 8 
Crystalloids (ml) 2804 ± 568 4601 ± 450* 4188 -+ 587 7904 + 2375t 
Autotransfusion (ml) 875 ± 64 1559 -+ 313" 474 ± 51 3693 ± 2357t 
Red blood cell concentrates (units) 1.7 ± 0.2 2.8 -+ 0,3:~ 2.6 ± 0.2 4.5 ± 1.4 
Platelets (units) 0.2 -+ 0.1 0.9 ± 0.2* 0.6 ± 0.3 4.0 -+ 1.45 
Fresh frozen plasma (units) 0.3 -+ 0.1 1.4 -+ 0.22 1.1 -+ 0.3 4.1 -+ 3.3~- 
*p < 0.05 vs normothermic group. 
tp < 0.05 vs hypothermic survivor group. 
Sp < 0.01 vs normothermic group. 
5p < 0.01 vs hypothermic survivor group. 
The normothermic nonsurvivor g oup (n = 3) is not described separately because ofinsufficient umbers for statistical nalysis. 
Table V. Physiologic status at end of surgery 
Normothermic Hypothermic Hypothermic survivor Hypothermic nonsurvivor 
Temperature (oC) 36.1 ± 0.1 34.0 ± 0.1" 34.0 ± 0.1 33.9 _+ 0.2 
Rewarming time (hr.) 1.0 ± 0.1 5.8 ± OAt 5.4 ± 0.4 9.0 ± 4.3:~ 
APACHE II 12.8 ± 0.4 17.0 _+ 0.92 15.4 _+ 0.6 28.9 _+ 4.95 
APACHE II I  38.1 ± 1.1 57.1 -- 3.52 51.1 _+ 2.0 100.5 _+ 17.15 
APACHE III-T 37.0 -+ 1.3 46.5 _+ 3.5t 40.5 _+ 2.4 90.3 _+ 17.3§ 
"p < 0.0002 vs normothermic group. 
tp < 0.05 vs normothermic group. 
:)p < 0.05 vs hypothermic survivor group. 
§p < 0.000i vs hypothermic survivor group. 
APACHE III-T = APACHE III score, adjusted for temperature. 
The normothermic nonsurvivor g oup (n = 3) is not described separately because ofinsufficient umbers for statistical nalysis. 
resistance greater than 2200 dyne/sec/cm s, pro- 
vided the pulmonary wedge pressure was at least 
7 mm Hg. Nitroprusside or noreprinephrine was 
titrated within approved osage guidelines to keep 
mean arterial blood pressure less than 1 i0 mm Hg or 
greater than 70 mm Hg, respectively. Blood products 
were transfused as appropriate to maintain hemato- 
crit levels greater than 30%, prothrombin time less 
than 14 seconds, activated partial thromboplastin 
time less than 50 sec, and platelet count greater than 
50,000/~1. 
The multiple organ dysfunction score of Marshall 
et al.24 was determined for all patients. The multiple 
organ dysfunction score grades increasing severity of 
dysfunction of six organ systems (cardiac, central 
nervous system, hematologic, hepatic, pulmonary, 
and renal) on a four-point scale, so that a maximum 
of 24 points can be accrued. For the purpose of this 
study, any score, even a single point, was considered 
to represent the presence of organ dysfunction. In 
addition, the incidence of acute respiratory failure 
(defined by the need for mechanical ventilation with 
positive end-expiratory pressure >5 cm H20),  
cardiovascular instability (defined by dobutamine or 
norepinephrine therapy), and myocardial infarction 
(diagnosed by serial electrocardiography and ereati- 
nine kinase-MB isoenzyme determinations) were 
recorded. Clinical outcome analyses included length 
of stay in the SICU (ULOS) and hospital length of 
stay (HLOS) in days, development ofmukiple organ 
dysfunction syndrome, and in-hospital (not 30-day) 
mortality rate. 
Mean values from unpaired samples were com- 
pared by use of a two-tailed unpaircd t test. Observed 
incidences of death, disease history, and postopera- 
tive complications within groups were compared 
with a chi-squared analysis with Fisher's exact test. 
Correlation of paired variables within groups was 
assessed by linear regression with a Pearson analysis. 
The independence of disease and treatment effects on 
outcome were assessed by a multivariate analysis of 
variance (StatView 4.02 with Superanova 1.1.1; 
Abacus Concepts, Berkeley, Calif.). Statistical signifi- 
cance was determined at an alpha of 0.05. 
RESULTS 
Of the 262 patients tudied, 196 had tempera- 
tures above 34.5 ° C (normothermic) and 66 had 
temperatures less than 34.5 ° C (hypothermic) at the 
end of surgery. The normothermic and hypothermic 
groups did not differ before operation in age 
(70.3 _+ 1.3 vs 73.1 + 1.0 years), incidence of 
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Table VI. Resuscitative parameters and organ dysfunction 
Normothermic Hypotherm# Hypothermic survivors Hypothermic nonsurvivors 
Vasopressor support (%) 5.6 10.6" 3.4 62.5? 
Inotropic support (%) 12.8 34.8* 27.6 87.5? 
Therapeutic PEEP (%) 9.2 18.2 i5.5 37.5 
Acute myocardial infarction (%) 4.0 7.5 3.4 37.5? 
Organ dysfunction (%) 28.7 53.0z~ 46.6 1005 
*p < 0.05 vs normothermic group. 
tp < 0.01 vs hypothermic survivor group. 
Sp < 0.01 vs normothermic group. 
~p < 0.05 vs hypothermic survivor group. 
PEEP, Positive end expiratory pressure. 
The normorhermic nonsurvivor group (n - 3) is not described separately because of insufficient numbers for statistical nalysis. 
Table VII, Univariate analysis of outcome variables 
Normothermic Hypothermic Hypothermic survivors Hypothermic nonsurvivors 
SICU LOS (days) 5.3 -+ 0.6 9.5 -+ 1.9" 7.2 -+ 1.2 25.9 -+ 11.8? 
Hospital LOS (days) 14.6 -+ 0.8 23.1 -+ 2.8:) 21.5 -+ 2.2 34.6 -+ I7.5 
Mortality (%) 1.5 12.15 
LOS, Length of stay. 
*p < 0.05 vs normothermic group. 
tp < 0.01 vs hypothermic survivor group. 
:)p < 0.0I vs normothermic group. 
The normothermic nonsurvivor group (n = 3) is not described separately because of insufficient numbers for statistical nalysis. 
hypertension (55% vs 61%), prior myocardial infarc- 
tion (27% vs 26%), or prior coronary artery bypass 
(17% vs 17%). However, gender distribution was 
significantly different in the two groups. The nor- 
mothermic group contained 14.3% female patients, 
whereas the hypothermic groups contained 31.8% 
women (2o < 0.01). By univariate analysis, the risk 
for development of hypothermia in male patients 
during operation was significantly less (45/213, 
21.1%) than in women (21/49, 42.9%) (p < 0.01). 
The mean maximum diameter of the aneurysm was 
0.5 cm larger in the hypothermic than in the 
normothermic group (2o < 0.05) (Table I). The 
approach to surgery required for aneurysm repair was 
similar in both groups (Table I), but patients with 
hypothermia did have significantly onger operations 
(p < 0.05). By multivariate analysis (Table II), the 
only independent predictor of hypothermia was 
female gender (p < 0.01). Although the volume of 
autotransfused blood did not predict hypothermia, 
larger volumes were associated with a prolonged 
duration of anesthesia and surgery (p < 0.001). 
In the patients with hypothermia, the above 
parameters were not significantly different between 
survivors (n = 58) and nonsurvivors (n = 8) of 
hypothermia (Table III). Volumes of autotransfused 
blood, banked red blood cell concentrates, platelets, 
and fresh frozen plasma dministered during the first 
24 hours (including the operation) were all signifi- 
cantly higher in the hypothermic group compared 
with the normothermic group (Table IV). Compared 
with patients in the hypothermic survivor group, 
patients in the hypothermic nonsurvivor group had 
significantly higher equirements for all blood prod- 
ucts except for banked red blood cell concentrates. By
unlvariate analysis, the core temperature was signifi- 
cantly higher (p < 0.0001) in the normothermic 
group compared with the hypothermic group (Table 
V), but not in the hypothermic survivor group 
compared with the nonsurvivor group. APACHE II 
(p < 0.0001), APACHE III (2o < 0.0001), and 
APACHE III-T (p < 0.05) were each significantly 
higher in the hypothermic group compared with the 
normothermic group and also significantly higher 
(p < 0.0001) in hypothermic nonsurvivors com- 
pared with survivors. These differences remained 
significant even when the temperature was factored 
out of APACHE III, suggesting that substantial 
physiologic derangements developed in conjunction 
with hypothermia by 24 hours after operation. 
Hypothermia was associated with substantial hemo- 
dynamic and organ functional derangements (Table 
VI), especially in nonsurvivors. Hypothermia was 
associated with an increased (p < 0.05) need for 
vasopressor support and a markedly increased 
(p < 0.01) need for inotropic support. Although 
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Table VIII. Multivariate analysis of significant factors influencing outcome in patients 
with hypothermia 
Dependent variable Independent variable F Value p Value 
Prolonged hospital stay 
Aneurysm diameter 17.510 
Multiple organ dysfunction 11.047 
Multiple organ dysfunction syndrome 
Increased APACHE II score 5.013 
Dobutamine therapy 16.759 
Mortality 
Norepinephrine therapy 
Acute myocardial infarction 
Multiple organ dysfunction 
4.477 
10.963 
4.666 
0.0001 
0.0018 
0.0300 
0.0002 
0.0399 
0.0018 
0.0361 
All other independent variables tudied were not significant by this analysis. 
patients in the hypothermic group did not have a 
higher incidence of acute respiratory failure or 
myocardial infarction than the patients in the nor- 
mothermic group, the incidence of acute myocardial 
infarction was increased (p < 0.01) in the hypother- 
mic nonsurvivor group compared with the survivor 
group. Some degree of organ dysfunction was 
observed in 28.7% of the normothermic group, 
which was significantly ower (p < 0.0001) than the 
rate of 53.0% observed in the hypothermic group 
(Table VI). 
Univariate outcome analysis (Table VII) showed 
that ULOS was increased significantly (p < 0.01) in 
patients with hypothermia, an increase that was 
accounted for almost entirely by the nonsurvivor 
group. Overall ULOS may seem excessive. However, 
median ULOS was only 3 days, indicating that 
relatively few patients contributed to the excessive 
ICU stay. Additionally, our SICU has no step-down 
capability, and thus patients requiring pulmonary 
toilet spend extra time in the SICU. The HLOS was 
also significantly increased inthe hypothermic group, 
compared with the normothermic group (to < 0.01). 
However, there was no correlation between admis- 
sion temperature and ULOS (r e 0.04). The mortality 
rate was significantly higher (p < 0.01) in the 
hypothermic group (12.1%), than in the normother- 
mic group (1.5%). The overall mortality rate for the 
series was 4.2%, which is within the range of recently 
reported series. ~-I° 
By multivariate analysis of data from patients 
with hypothermia, increasing aneurysm diameter 
(p = 0.0001) and multiple organ dysfunction 
(p = 0.0018) were predictive of prolonged HLOS, 
whereas death was predicted by acute myocardial 
infarction, cardiogenic shock (norepinephrine 
therapy), and organ dysfunction (p < 0.05) (Table 
VIII). For the entire cohort, intraoperative hypo- 
thermia was significantly and independently predic- 
tive of both prolonged HLOS and the development 
of organ failure (p < 0.05). The predictive value of 
organ failure and myocardial infarction for death af- 
ter hypothermia was powerful enough also to define 
mortality for the entire study cohort (Table IX). 
Intervention was successful in decreasing the 
incidence of hypothermia during the study. Hypo- 
thermia developed inonly 11% of patients during the 
last 12-month period of observation, versus 25% 
(40 < 0.05) in the i2-month period before introduc- 
tion of the forced-air blanket. 
DISCUSSION 
The cause of core hypothermia in patients under- 
going repair of an AAA is complex. The ambient 
temperature of the operating room and of solutions 
coming in contact with the patient's kin or body 
cavities can directly increase heat loss through con- 
duction, radiation, convection, and evaporation, 
especially after induction of anesthesia. 25-27 General 
anesthesia results in loss of normal thermoregulatory 
homeostasis. 28 Anesthesia-induced inhibition of va- 
soconstriction allows core-to-peripheral edistribu- 
tion of body heat immediately after induction? 9-32 
The rate of this temperature d crease is augmented in 
a cold environment because nearly all heat loss is from 
the skin surface.aS Surgical exposure of the abdominal 
cavity (transabdominal or retroperitoneal) perpetu- 
ates a relatively slower rate of decrease in body 
temperature resulting from heat loss exceeding meta- 
bolic heat production? 9 Intraoperative factors, such 
as prolonged operative time, the extent of operative 
dissection and exposure in deep body cavities, aortic 
cross-clamping, and substantial blood loss or fluid 
administration may influence the degree of hypother- 
mia. However, in this study these factors were not 
significant. 
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Table IX. Multivariate analysis of significant factors influencing outcome after elective abdominal 
aortic aneurysm repair for the entire cohort 
Dependent variable Independent variable F Value p Value 
Prolonged hospital stay 
Multiple organ dysfunction syndrome 
Mortality 
Aneurysm diameter 13.057 0.0004 
Low body temperature 4.026 0.0468 
Multiple organ dysfunction 57.187 0.0001 
Increasing age 4.154 0.0435 
Aneurysm diameter 4.478 0.0362 
Duration of anesthesia 5.378 0.0219 
Norepinephrine therapy 9.907 0.0020 
Dobutamine therapy 11.646 0.0009 
Low body temperature 4.783 0.0305 
Norepinephrine therapy 6.958 0.0093 
Dobutamine therapy 9.446 0.0026 
Acute myocardial nfarction 36.850 0.0001 
Multiple organ dysfunction 8.962 0.0034 
All other independent variables studied were not significant by this analysis. 
Hypothermia may have both favorable and ad- 
verse physiologic effects. By reducing metabolic 
requirements and oxygen consumption, moderate 
hypothermia has a protective ffect on tissue isch- 
emia) 2,13 Adverse effects include cardiac arrhyth- 
mias, increased systemic vascular resistance, de- 
creased cardiac output, and a left shift in the 
oxyhemoglobin saturation curve .  14'a4 This pattern 
would decrease oxygen delivery to the tissues during 
a time of metabolic stress. Oxygen consumption 
usually does not increase significantly because of the 
metabolic and muscle-relaxing effects of anesthetic 
agents and the relatively minor role of nonshivering 
thermogenesis in the adult, as However, all general 
anesthetics impair the normal thermoregulatory re-
sponse to hypothermia, a°'a6,37 Thermoregulatory va-
soconstriction, which is usually initiated near 37 ° C 
does not occur with the patient under normal general 
anesthesia until the core temperature aches 34 ° to 
35 ° C. However, once triggered, the intensity of 
peripheral vasoconstriction during anesthesia is simi- 
lar to the intensity in the unanesthesized patient. 
Once these potent vasoconstrictor responses have 
been initiated, systemic hypoperfusion ensues. Even 
careful surgical, anesthetic, and resuscitative tech- 
niques may not be effective unless the patient is 
rewarmed promptly. 
The principal observation in this study is that 
hypothermia developing during elective repair of 
AAA is associated with significantly increased mor- 
bidity and mortality rates during the postoperative 
course, unrelated to more traditional correlates of 
perioperative morbidity and mortality rates. The two 
clinical cohorts were similar in age, underlying 
vascular risk factors, surgical exposure, extent of 
aortic reconstruction, and duration of aortic cross- 
clamping. However, female patients had develop- 
ment of hypothermia t double the rate of male 
patients. This may be due to their relatively large skin 
surface area in relation to their body mass, or to 
relatively smaller amounts of insulating body fat. 
Although the rate of temperature decrease for each 
patient was not recorded and the ambient empera- 
ture varied slightly from day to day, all patients were 
undoubtedly exposed to similar degrees of environ- 
mental heat loss. In this setting, women may be at 
greater isk for development of moderate hypother- 
mia without specific protection. 
Aortic anatomy, surgical exposure, and the aortic 
cross-clamp time were similar in both groups. 
Additional operative time and fluid requirements 
may be related to either more difficult dissection or 
hemostasis but did not independently predict hypo- 
thermia in this study. Regardless of the source of 
blood loss, an increased volume of blood autotrans- 
fused at the ambient emperature of the operating 
room was associated with prolonged anesthesia and 
surgery. This in turn was associated with an increased 
transfusion requirement for banked blood products. 
Patients who had hypothermia demonstrated 
early signs of organ dysfunction during the first 24 
hours after admission to the SICU, as evidenced by 
the significantly higher APACHE scores. A standard- 
ized resuscitation regimen resulted in more likely 
requirements for crystalloid fluids in addition to 
blood, as well as a greater need for vasopressor and 
inotropic support, especially in the hypothermic 
nonsurvivor group. 
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Moderate hypothermia fter aortic reconstruction 
is clearly associated with adverse outcomes, as 
indicated by increased length of  stay, organ dysfunc- 
tion, and mortal ity rates. In aggregate, these data 
suggest hat the adverse consequences of  hypother- 
mia after aortic reconstruction manifest as profound 
tissue hypoperfusion and oxygen delivery associated 
with thermoregulatory vasoconstriction. I f  mesen- 
teric ischemia, shock, sepsis, or other conditions 
associated with activation of  proinf lammatory me- 
diators occurred, the resultant capillary leak and 
cellular dysfunction might be additive, aS,s9 
Fortunately, many factors that cause moderate 
hypothermia during aortic surgery can be modu-  
lated to allow maintenance of  the core temperature 
within the physiologic range. Control l ing the am- 
bient temperature is important.  However,  the ef- 
ficacy of  ambient temperature as the sole modal i ty 
for maintenance of  body temperature in procedures 
lasting over two hours, or those involving major 
vascular structures has been challenged. 4° Warm 
intravenous fluids, cotton blankets, reflective covers, 
heated humidification of  inspired gases, heat mois- 
ture exchangers, fluid-circulating warming mat- 
tresses, and infrared radiant heat alone are rarely 
effective in maintaining normothermia.  ~9,29 Once 
hypothermia is present, attempts to warm the 
patient necessarily create a temperature gradient 
between the warming device and the patient. 
Cutaneous thermal injury may occur m this 
setting. 
Opt imal  management  involves raising the am- 
bient temperature of  the operating theater to high 
levels until anesthesia is induced and the patient is 
fully draped. After that, ambient temperature can 
be decreased to more comfortable levels for the 
operating staff. Dur ing the surgical procedure, the 
use of  a recirculating forced-air blanket, applied 
most  commonly  to the head, neck, shoulders, and 
upper torso during abdominal aortic surgery, is 
effective in maintaining core temperature. In ad- 
dition to active warming with this device, it is 
important that all solutions administered to the 
patient be actively warmed. In our experience, the 
most  commonly  overlooked solution is the blood 
returned from the autotransfusion device during the 
operative procedure, especially when large volumes 
of  blood are reinfused. Fommately ,  simple guide- 
lines, increased awareness, and new warming devices 
increase the potential for minimizing heat loss 
and maintaining normal  core body temperature 
during major intraabdominal vascular econstructive 
surgery. 
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D ISCUSSION 
Dr. Jon R. Cohen (New Hyde Park, N.Y.). Although 
I may not agree with the focus of the author's conclusions, 
the results of this study are extremely important to anyone 
who performs AAA surgery. In summary, two groups of 
patients with AAA, one with hypothermia, the other with 
normothermia after surgery were compared. The groups 
were almost identical, with the same age, same risk factors, 
similar operation, same percentage of tube grafts, and 
almost identical clamp times. Then why is one group 
hypothermic? The hypothermic group received twice the 
amount of Cell Saver blood and significantly increased 
amounts of packed cells, platelets, and other factors. Also 
the anesthesia time of surgery were significantly longer. 
Given almost identical clamp times, I conclude that there 
might have been some technical difficulties in the hypo- 
thermic group that resulted in significantly more blood 
loss. I believe that herein lies the importance of these data. 
Dr. Bush has rightfully concluded that hypothermia is a 
significant predictor of poor outcome and that appropriate 
treatment of hypothermia nd prevention by the usual 
methods are important. However, as indicated by these 
data, the one most significant factor in preventing hypo- 
thermia is prevention of blood loss. Some centers and 
surgeons may have taken a somewhat cavalier approach to 
blood loss because they could depend on improvements in 
resuscitation, blood banking and Cell Saver devices. This 
data most importantly indicates that blood loss in an 
elective operation can result in significant hypothermia. 
Hypothermia is not only associated with a significant 
increase in mortality rates, but hypothermia itself is 
responsible for more bleeding. We prospectively studied 
hypothermia in patients with AAA. We found that 
bleeding time was most significantly altered in the presence 
ofhypothermia unrelated to administration fheparin. Did 
the retroperitoneal approach make a difference in tempera- 
ture changes? 
Why do you believe the risk for hypothermia s higher 
in women? 
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You stated that the pulmonary artery catheters are 
placed at the time of operation. I presume then that you 
do not volume load your patients the night before 
surgery. Is it possible then that the crystalloid given the 
morning of surgery by the anesthesiologists causes even 
more hypothermia in the patient at the beginning of the 
case? 
Dr. Harry L. Bush, Jr. In terms of the change in 
temperature with the retroperitoneal approach, we did not 
see any specific difference. We thought we might see a trend 
because the retroperitoneal approach as been reported to 
have less temperature loss because of less exposure of the 
peritoneal cavity. But in fact, the use of the retroperitoneal 
approach turned out to be balanced in both groups and was 
not associated with any trend toward hypothermia or 
protection from it. 
The explanation for hypothermia nwomen is not clear. 
Although we do not have the specific data, I assume that 
most of the women have a larger surface body area to body 
mass. Therefore they are at greater isk for operative or 
conductive heat loss. Because they have less body mass, 
they have less thermal reserve for protection from any 
exogenous cold solution or loss of temperature. Beyond 
that, I am not sure that I have a specific explanation at this 
time for the changes that we see with women. 
The patients received a limited volume loading during 
the night before surgery without the use of pulmonary 
artery catheter. But indeed because they were not optimally 
volume loaded by use of pulmonary artery catheter criteria, 
the patients received abolus of room temperature solution 
at the beginning of the procedure, and this may have 
contributed to the hypothermia. This factor should have 
been uniformly distributed among the patients. 
Dr. Robert P. Leather (Albany, N.Y.). This confirms 
a prejudice of mine that hypothermia has been, until 
recently, one of the great unsolved problems in vascular 
surgery. What I have seen over the years is that the less the 
patient weighs, the quicker the body temperature goes 
down. You have to be careful with the thin patient who is 
on the operating table for any length of time. We have also 
seen this occur in leg reconstruction operations. With 
regard to aneurysm surgery, with the switch to the 
retroperitoneal approach and exclusion, which has resulted 
in an average blood loss of about 500 cc, with two third to 
three quarter of patients requiring no blood transfusion. 
Also the use of a bear-hugger has virtually eliminated 
hypothermia. I also wanted to point out that the scalp is an 
extremely efficient, heat exchanger, although small in area. 
If you put the bear-hugger up over their head, you will 
increase its efficiency. So I think the combination to reduce 
blood loss and further heat support is important. 
Dr. Bush. I certainly support both what you and Dr. 
Cohen have said in terms of blood loss being a major factor, 
because that is one of the major sources for thermal loss for 
the patient. 
Dr. Mario H. Diaz (Olney, Md.). Would you 
elaborate a little bit more on the implications of combining 
epidural and general anesthesia and the increased incidence 
of hypothermia? 
Dr. Bush. Our practice has been to avoid use of a 
combined approach. In the first years of this study, the 
patients had received only general anesthetic without any 
epidural catheters. In the last 2 years, most of the patients 
have had epidural catheters placed, but not for anesthesia. 
They were placed so that they can be used after operation 
for pain control. So our practice has been to avoid use of 
epidural anesthesia plus general anesthesia during opera- 
tion for the patients undergoing aortic operations. Studies 
of operative thermal regulation have found a significantly 
increased rop in temperature asa result of poor thermal 
regulation with combined epidural/general anesthesia f r in 
excess of either one independently. 
Dr. Enrico Ascer (Brooklyn, N.Y.). I Was wondering 
whether hypothermia s not the only cause of this problem. 
Maybe you're not concentrating on the right factors, just 
counting blood loss and operative time. Maybe there are 
other factors that we are not measuring, and maybe you 
should be measuring cytokines, or measuring responses on 
the cellular level to explain why some patients have different 
responses. Maybe you are just concentrating on factors that 
are not the cause but rather just a consequence. 
Dr. Bush. You are absolutely right. This study is 
limited in scope in terms of a number of parameters to 
measure or review. It is difficult to be certain, but many of 
the factors that we would have associated with precipitating 
cytokine release, for example, are normally associated with 
certain clinical situations, such as hypotension or pro- 
longed ischemic time or other factors that were not 
observed. Second, we did not see a difference in the groups 
that you might associate with reperfusion injury or 
mediator release, for example, positive end expiratory 
pressure, myocardial infarction, increased crystalloid re- 
quirements. This pattern did not emerge between the two 
groups. These people behaved as though they were having 
flow disturbances to organs resulting in organ dysfunction 
and not that they were having a microvascular injury related 
to cytokine release. Whether temperature is the cause of the 
problem and how much of it is the .effect is a different issue; 
clearly there are many factors involved, because lower 
temperature increases bleeding and increases transfusion 
requirements, and fluid administration causes hypo- 
thermia. 
Dr. Harry Schanzer (New York, N.Y.). Dr. Bush has 
tried to convince us that hypothermia is the villain in 
surgery. I think that is a very important opic, especially 
when many people are using deep hypothermia now as a 
way of performing high-risk surgery. For example, in our 
institution with thoracoabdominal aneurysms, this is done 
to protect he brain and to protect he cord, so it is a very 
important issue. I think what you have demonstrated is that 
hypothermia is a marker for a difficult operation, for 
something that went wrong or for something that was 
extremely difficult, and what you have really been able to 
conclude is that patients who have a very difficult operation 
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will do worse than patients having an easy operation. I 
think that what you are doing really is dividing your 
population into a difficult operation and an easy operation, 
and naturally the patients having the easier operation will 
do better. 
Dr. Bush. The experience with deep hypothermia n
terms of protecting organs from ischemia is solid and has 
been shown to be beneficial. The only change is that those 
patients are actually rewarmed to a more physiologic tem- 
perature before anesthesia s terminated. Indeed when they 
come out of anesthesia they are no longer in a vasocon- 
stricted state. Second, whether hypothermia tself is detri- 
mental I am not sure I would agree. Moderate hypother- 
mia, particularly in the 34 ° range is clearly detrimental in 
that it will induce a vasoconstricted state within the patient, 
which is not reversed when you stop anesthesia. In contrast, 
if you maintain aperson at a more physiologic temperature, 
anesthesia under normal circumstances gives yon a va- 
sodilatory state. You get a hyperperfusion of your organs 
and indeed when you then terminate anesthesia that state 
persists as long as they maintain ormothermia. Whether 
we can show that clearly in this clinical situation is more 
difficult, but again moderate hypothermia when you come 
out of anesthesia nd into the postoperative period has 
never been shown to be of any benefit. 
Dr. Richard K. Spence (Camden, N.J.). I do not think 
we are really looking at the hypothermia bleeding effect. 
The literature on that shows there is a defect in platelets; 
you can see it in the laboratory, but it is very hard even in 
the trauma setting to show that hypothermia means clinical 
bleeding. But I think that when you look at vasoconstric- 
tion, you are really getting into the right area. Looking at 
the APACHE II scores, can you tell us if there were 
differences in postoperative h matocrit? What Dr. Schan- 
zer was talking about, the patient with hypothermia 
normally is hemodiluted as well. The two go hand in 
glove-acute normal hemodilution and hypothermia, par- 
ticularly in children undergoing cancer surgery or heart 
surgery. The hemodilution is essential to prevent the 
problems with vasoconstriction. There is some compelling 
evidence from the myocardial ischemia studies that shows 
that patients who have higher hematocrit levels after 
operation are at greater isk of having acute myocardial 
events. I wonder whether some of the downside you are 
seeing might be in the patient who has a higher hematocrit 
level with vasoconstriction from hypothermia and then has 
some sludging in the microcirculation. 
Dr. Bush. It's an intriguing point. I would actually 
have to go back and look specifically at that. We did not 
look for individual changes within the profile. 
Dr. Syed A. Razvi (Brighton, Mass.). I want to discuss 
a new system that one of our staff anesthesiologists has 
developed. We undertook a study, and we have six patients 
with AAA enrolled in this ongoing study. The patients 
came to the operating room with a core temperature of 
36.2 ° C and they left the operating room and got to the 
PACU with a core temperature of 36.7 °C. It's a warm air 
delivery system that is designed with multiple anesthesia 
tubings that were wrapped around the patient, and it is a 
little bit different from other modalities available. We had 
a historical and prospective control group with 10 patients 
who got to the recovery room with a core temperature of
34.3 ° C, so we find that there is a significant improvement, 
and we expect his system to be available this year. 
Dr. Frank W. LoGerfo (Boston, Mass.). I have a 
comment about these bear-huggers. We looked at the 
temperature of our patients, particularly after induction, 
found that we could wind up with the same temperature by 
use of a bear-hugger o  simply by warming the room and 
using careful nursing protocol to keep the patient bundled 
up during the induction. I make that point because this is 
another expense, but this money eventually comes out of 
the overall system and affects us. To anyone thinking about 
using these, ! urge you to do some sort of a study in your 
own institution to determine whether you can achieve the 
same result with standard nursing procedures. 
